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This  F ina l  Report covers Phase C-3 of Contract NAS 8-11705 as performed by Northrop 

Nor t ronics .  Phase C-3  is a s tudy t o  i n v e s t i g a t e  f u t u r e  system checkout requirements,  

cons ider ing  t h e  a p p l i c a t i o n  of t he  Automatic C a l i b r a t i o n  Technique (ACT) concept t o  

a c t i v e  and pass ive  checkout of remote systems. ACT, by i t s  general  requirement,  is 

an  a c t i v e  technique;  t h e  normal s i g n a l  flow being in t e r rup ted  and replaced by known 

inputs .  I n  t h i s  r epor t ,  a comparison is  made between p resen t  methods of computer 

checkout and ACT. Onboard programming techniques a r e  descr ibed t o  show how i n i t i a -  

t ion and i d e n t i f i c a t i o n  of c a l i b r a t i o n  can be provided independent of ground-based 

computer commands. Advantages and disadvantages of both ground and onboard checkout 

a r e  d iscussed .  On manned spacec ra f t ,  it is f e l t  t h a t  an  onboard computer f o r  evalu-  

a t i n g  only those s i g n a l s  f o r  s a f e t y  and cont ro l  of t h e  capsule  should be provided. 

Appl ica t ions  of ACT t o  both manned and unmanned v e h i c i e s  and t h e i r  ope ra t ion  i n  re -  

l a t i o n  t o  ground-based s t a t i o n s  a r e  discussed.  Also included i n  t h i s  r epor t  is a 

b r i e f  review of t he  ACT and a d i s c u s s i o n  of a c t i v e  and pass ive  checkout. 

t i o n s  a r e  made on how ACT should be applied t o  f u t u r e  v e h i c l e s ,  both manned and 

Recommenda- 

unmanned. 
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SECTION 1 

SUMMARY 

I r o u t i n e s .  Onboard computers a r e  d iscussed;  it is f e l t  t h a t  a small computer, used 

I manned v e h i c l e s ,  would be advantageous. T h i s  computer would be redundant t o  one on 

only f o r  s a f e t y  and con t ro l  measurements pe r t a in ing  t o  the  spacec ra f t  capsule  i n  

the  ground, buc wouid be u t i i i z e d  s t r i c t l y  f o r  a s t ronau t  use.  

t i o n  checkout computer would be required onboard. 

No o t h e r  instrumenta- 

1 This r e p o r t  covers  t he  i n v e s t i g a t i o n s  of fu ture  system checkout requirements while  

cons ider ing  the  a p p l i c a t i o n  of t h e  Automatic Ca l ib ra t ion  Technique (ACT) concept t o  

a c t i v e  and pass ive  checkout of remote systems. Computer ope ra t ion  us ing  the  ACT i s  

descr ibed .  For optimum e f f i c i e n c y ,  the  RCA l l O A  computer i s  t o o  slow f o r  t h e  con- 

I Also discussed  is the u t i l i z a t i o n  of an onboard p rogramer ,  which i s  s e t  i n t o  opera- 

t i o n  by a s i n g l e  pulse  from the  onboard command rece ive r .  1 
Recommendations a r e  made i n  s e c t i o n  10. I 

I 
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SECTION 2 

INTRODUCTION 

This is the third and final formal report defining the progress achieved under Con- 
tract NAS 8-11705 by Nortronics, a Division of the Northrop Corporation. 

During Phase A through Phase C-2 of the Contract, Nortronics developed the Automatic 

Calibration Technique (ACT), a concept for checkout of the Saturn Program Instrumen- 

tation utilizing existing equipment and employing computer control and calculation. 
Work accomplished during these phases was covered in NSS Report No. 3096A, dated 

5 February 1965, -and NSS Report No. 3224, dated 18 March 1965. 

Phase C-3 of the above-mentioned contract. The Phase C-3 task was to investigate 
future system checkout requirements, considering the application of the ACT concept 

to active and passive checkout of remote systems. 

This report covers 

ACT, after a one-time system adjustment, provides data correction in its calibration 

scheme instead of the time-honored method of component readjustment. Known inputs 

are programmed into the signal conditioners; the values at the system outputs, cor- 
-na -nmr I ;n -  t,. tt.- I - ~ . . -  ;nAlrt- --- r n e e n i i r a A  s n A  o"mp?rprl tn t h e  thenretical or ?re- '-"~-"---'~ -v  .-..- .. *.-.... -..j,.--L., ..-- -._------- _--- 
determined outputs. 
measured engineering parameters. 

made in real-time or during subsequent data reduction. 

Data correction factors then are computed for application to 
The application of the correction factors can be 

A review of ACT is presented in section 3 to help the reader understand the applica- 
tion of it as discussed herein. 

3 



SECTION 3 

REVIEW OF THE AUTOMATIC CALIBRATION TECHNIQUE 

The Automatic Calibration Technique (ACT) employs computer programming to: 

(1) Interrogate all RACS-controlled Saturn instrumentation data channels (in 

order or on command) 

(2) Measure data channel outputs 

(3)  Compare the measured outputs with predetermined, predicted values 

( 4 )  Determine gain and/or offset correction factors (for each channel requiring 

same) 

(5) Store the correction factors 

( 6 )  Apply the correction factors automatically when the channels are 
re-interrogated in the run mode. 

Thereby, ACT provides continuous, updated data regarding the instantaneous status of 
the Saturn instrumentation. 

ACT, as applied to d-c signal conditioners, evolved during the first phase of this 

study program, was chosen and proven (mathematically/graphically) during the second 
phase, and was expanded in concept to apply to all other Saturn signal conditioners 

during Phase C-1. 
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ADVANTAGES AND FEATURES 

The 10 prime advantages provided by ACT a r e  l i s t e d  below. 

Reduces checkout and c a l i b r a t i o n  t i m e  and t o t a l  man-hours 

Minimizes adjustments 

Implements e a s i l y  

Provides complete and f l e x i b l e  h i s t o r i c a l  da t a  

S impl i f ies  s t anda rd iza t ion  of d a t a  

Allows for  modernization of equipment 

Is  f u l l y  automatic  

Uses known-input f a c i l i t y  

Provides qu ick -ca l ib ra t ion  c a p a b i l i t y  

Optimizes c a l i b r a t i o n  t iming. 

ACT REQUIREMENTS 

To'implement ACT, four system requirements must be m e t .  

following paragraphs. 

These a r e  descr ibed  i n  the  

A means of i n s e r t i n g  known, s t a b l e  inputs  i n t o  the  s i g n a l  cond i t ione r s  i s  r equ i r ed .  

For a d-c s igna l  condi t ioner  (or c i r c u i t  t h a t  can con ta in  a d-c o f f s e t ) ,  

b r a t i o n  checkpoints a r e  necessary .  

l e a s t  60 percent of  f u l l  s c a l e  f o r  optimum accuracy.  

c u i t  t h a t  cannot conta in  any o f f s e t )  r equ i r e s  only  one c a l i b r a t i o n  checkpoint .  

two c a l i -  

These checkpoints  should be separa ted  by a t  

An a-c condi t ioner  (or  c i r -  

On veh ic l e s  a s  complex a s  the  Saturn,  i t  i s  impossible  t o  e x c i t e  a l l  of the  va r ious  

sensors  by the i r  r egu la r  s t i m u l i  f o r  c a l i b r a t i o n .  Therefore ,  c a l i b r a t i o n  vo l t ages  

a r e  der ived ,  within each of t he  s i g n a l  cond i t ione r s ,  t h a t  s y n t h e t i c a l l y  r ep resen t  

measurement parameters,  ACT can c o r r e c t  any ins t rumenta t ion  loop errors t h a t  r e -  

s u l t  between the input  t o  the  s i g n a l  cond i t ione r  and t h e  computer ( i t  cannot cor -  

r e c t  f o r  e r r o r s  i n  the  sensor ) .  

condi t ioner ,  i s  checked a g a i n s t  t he  output  f o r  i t s  expected environment. 

The Sensor ou tpu t ,  when connected t o  the s i g n a l  

6 



L i n e a r i t y  

7 

A l l  components w i t h i n  t h e  ACT c a l i b r a t e d  loop must be l i n e a r  throughout t he  opera- 

t i n g  range of t h a t  s e c t i o n  of t he  loop (from the  inpu t  t o  the s i g n a l  cond i t ione r ,  

through the cond i t ione r ,  and up t o  the  input t o  the  computer). 

Arithmetic Unit 

A computer-type device,  with complete a r i t hme t i c  c a p a b i l i t i e s ,  i s  r equ i r ed  t o  com- 

pute and apply the  necessary data-correct ion f a c t o r s .  

System Accuracy 

System accuracy i s  dependent upon ACT being a b l e  t o  measure, maintain,  and apply the 

s p e c i f i c  i npu t s .  System accuracy a l s o  depends upon the number of b i t s  t h a t  r ep resen t  

a d a t a  word processed by the computer. Any component, of  which the l i n e a r i t y  devi-  

a t e s  from a s t r a i g h t  l i n e ,  a f f e c t s  t h a t  po r t ion  of the system by an amount u p  t o  the 

l i m i t  of the excursion. 

where n e q u a l s  the number of b i t s  i n  a binary word. Thus, i f  a da t a  word con ta ins  

10 b i t s ,  the b e s t  a t t a i n a b l e  accuracy is  0.1 pe rcen t .  

Mathematically, the accuracy can be no b e t t e r  than 1/2", 

D-C SIGNAL CONDITIONER CALIBRATION 

This paragraph desc r ibes  a t y p i c a l  d-c s i g n a l  condi t ioner  c a l i b r a t i o n  procedure. I t  

i s  v a l i d  f o r  a l l  d r i f t s  and/or o f f s e t s  t h a t  a r e  considered l i n e a r .  Typical ly ,  t o  

perform d-c s i z n a l  rnndi t i  nner rhecLr\nt_ I?d!cr c O ! . i b r 2 t i ~ c ,  t kc  c ~ q i i t c r  ~ i - ~ & i - d l l I s  

t h e  Remote Automatic C a l i b r a t i o n  System (RACS) and DDAS t o  obtain high- and low- 

c a l i b r a t i o n  checkpoints f o r  t he  channel i n  quest ion.  The DDAS outputs  f o r  both 

checkpoints a r e  fed t o  t h e  computer and compared with the  appropr i a t e  p red ic t ed  

ca l ib ra t ion -cu rve  checkpoint values  t h a t  were s t o r e d  i n  the computer memory. 

computer gene ra t e s  c o r r e c t i o n  f a c t o r s  and places these f a c t o r s  i n  s to rage  for  modi- 

f i c a t i o n  of sensor-der ived d a t a  ( run mode) t o  provide t r u e  d a t a ,  when in t e r roga ted  

( e i t h e r  du r ing  checkout and c a l i b r a t i o n  o r  a c t u a l  veh ic l e  f l i g h t ) .  

The 



Figure 1 dep ic t s  a predicted ( c a l i b r a t i o n )  curve and a curve r ep resen t ing  the meas- 

ured va lues .  The measured values a r e  those values t h a t  a r e  the a c t u a l  output  of a 

s i g n a l  condi t ioner .  

by e i t h e r  a d r i f t  of t he  s i g n a l  condi t ioner  gain,  an o f f s e t ,  or a combination of the 

two. ACT then a p p l i e s  c o r r e c t i o n  f a c t o r s  t o  t h e  measured values  of each given sen- 

s o r  t o  provide correspondingly co r rec t ed  d a t a  ly ing  on the c a l i b r a t i o n  curve.  

These measured values  may d i f f e r  from the  c a l i b r a t i o n  va lues  

GRAPHICAL SOLUTION 

To b e s t  i l l u s t r a t e  ACT, a g r  phical  o l u t i o n  i s  dep ic t  d i n  f i g u r e  2 .  On the  l e f t -  

hand curve,  point X r ep resen t s  the p red ic t ed  high checkpoint,  X r ep resen t s  the 

predicted low checkpoint, Y l o c a t e s  the measured high checkpoint,  and Y l o c a t e s  

the  measured low checkpoint.  

1 2 

1 2 

The right-hand curve provides a comparison of  the measured and p red ic t ed  values .  

The predicted values  inc rease  along the absc i s sa  and the  measured values  inc rease  

along the ordinates  such t h a t  X Y and X Y r ep resen t  two p o i n t s .  A l i n e  i s  drawn 

through the two points  X1 Y1 and X 

versus  measured values .  For any po in t  Y r ep resen t ing  a measured va lue ,  t he re  i s  0’ 
a corresponding point  X 

1 1  2 2  
Y 2 2  r ep resen t ing  a conversion curve of p red ic t ed  

r ep resen t ing  a po in t  on the c a l i b r a t i o n  curve.  0’ 

MATHEMATICAL SOLUTION 

The graphic  so lu t ion  determining the c o r r e c t i o n  f a c t o r  t o  apply t o  measured d a t a  

provides a simple explanat ion of ACT, but i s  no t  a p p l i c a b l e  t o  computer computation. 

Therefore,  the following mathematical s o l u t i o n  i s  provided. 

A s t r a i g h t  l i ne  conversion curve can be generated such t h a t  f o r  any measured value,  

Yo, t he re  i s  a corresponding co r rec t ed  value X The s t r a i g h t  l i n e  conversion curve 

i s  def ined by the r e l a t i o n s h i p  of t he  measured and p red ic t ed  checkpoints a s  descr ibed 

f o r  the graphical  s o l u t i o n .  

0’ 
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The equat ion of a l i n e  i s  Y = mX + b 

where: X and Y are coordinates  of any point on the l i n e  

m = the s lope  of the l i n e  

b = the o rd ina te  i n t e r c e p t  of the l i n e  

Figure 2 d e p i c t s  a s . t r a igh t  l i n e  conversion curve running through po in t s  X I  Y1 and 

X Y and i n t e r s e c t i n g  the o rd ina te  a t  point b. 2 2  

L e t  X1 = the p red ic t ed  high checkpoint value 

X2 = the predicted low checkpoint value 

Y1 = the  high measured checkpoint value 

Y2 = the  low measured checkpoint value 

Yo = any measured value 

TO so lve  f o r  X the co r rec t ed  value of the measured value Y the following com- 

p u t a t i o n s  a r e  made: 
0” 0’ 

Y = Y ,  - Y, 
A. L 

1 - x2 x = x  

AY ’1 - ’2 
Slope m =- = Ax x1 - x* 

I 

1 Ordinate i n t e r c e p t ,  b = Y - mX 1 

Both the va lues  of the s lope ,  m y  and the ordinate  i n t e r c e p t ,  b ,  can be computed 

when the p red ic t ed  and measured values  of the checkpoints a r e  known. From these 

va lues :  

Y o  - b - 
xo - m 

I 
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ACT measures the high and low checkpoints,  ob ta ins  the p red ic t ed  checkpoint values  

from computer memory, and so lves  f o r  the s lope  and o r d i n a t e  i n t e r c e p t  of t he  con- I 

ver s ion  f ac to r s .  The conversion f a c t o r s  are  then appl ied t o  run  d a t a  by the  com- 

pu te r  t o  determine the co r rec t ed  values .  

I 

I 

I 

A-C SIGNAL CONDITIONER CALIBRATION 1 

Much l i k e  the d-c procedures,  a-c s i g n a l  cond i t ione r  c a l i b r a t i o n  i s  achieved by 

generat ing a conversion curve,  but  with only one c a l i b r a t i o n  po in t  (as opposed t o  

the two required f o r  the d-c a p p l i c a t i o n ) .  

i s t i c s  i s  based upon the  completion of t he  t y p i c a l  MSFC procedure f o r  r e c e i v i n g  

t e s t s ,  generat ion of a c a l i b r a t i o n  curve,  and v e r i f i c a t i o n  of the u n i t .  

1 
The following d i scuss ion  of cha rac t e r -  I 

I 

The a-c s igna l  i s  superimposed on a 2.5-volt  d-c l e v e l  a t  t he  s i g n a l  cond i t ione r  I 
ou tpu t ;  t h i s  d - c  l e v e l  a c t s  as a " c a r r i e r "  f o r  the a-c s i g n a l .  The 2.5-volt  ampli- 

tude w a s  chosen s ince  i t  was the  minimum l e v e l  t h a t  would not  c l i p  the a-c informa- 

t i o n .  Capacitors i n  the SS/FM input s t ages  block the dc,  negat ing the p o s s i b i l i t y  

of o f f s e t  (a problem with the  d-c system). When t h e  a-c s i g n a l  cond i t ione r  i s  used 

on the  FM/FM channels such a s  a measurement of t he  F1-601 Flow Rate f o r  Bo i l e r  I n l e t  

Water on Saturn I B ,  the 2.5-volt  b i a s  becomes c r i t i c a l  should any high a-c  s i g n a l  

l e v e l s  occur. Clipping w i l l  occur i f  the b i a s  vo l t age  d i f f e r s  from 2.5 v o l t s  with 

a peak-to-peak input g r e a t e r  than 5 v o l t s .  

Only one c a l i b r a t e  po in t  i s  r equ i r ed  because the d-C-type o f f s e t  problem does not  

e x i s t .  Thus, one c a l i b r a t i o n  p o i n t  and the zero-zero p o i n t  d e f i n e  t h e  s lope  of t he  

a-c s i g n a l  condi t ioner  conversion curve.  The s l o p e ,  y i e l d i n g  ga in  f o r  t h a t  p a r t i c -  

u l a r  ampl i f i e r  a t  any t i m e  when compared with the  c a l i b r a t i o n  curve,  d e f i n e s  the 

instantaneous gain change o r  d r i f t .  

i s  compensated f o r  by the  computer t h a t  i n s e r t s  an a p p r o p r i a t e  c o r r e c t i o n  f a c t o r  

(which r e t u r n s  the  a m p l i f i e r  d a t a  t o  i t s  c a l i b r a t i o n - c u r v e  parameters) .  

Averaged over a p a r t i c u l a r  pe r iod ,  the d r i f t  

The ma jo r i ty  of the a-c s i g n a l  cond i t ions  a r e  t r a n s m i t t e d  over the SS/FM l i n k  nor- 

mally not i n t e r f a c i n g  with t h e  computer. 

i t a l  vol tmeter  with an HP2410 a-c conve r t e r .  

p r i a t e  switching c i r c u i t r y ,  w i l l  enable  the output  from the  SS/FM decommutators t o  

be fed t o  the computer. 

MSFC procured a Hewlett-Packard 2401 dig-  

These u n i t s ,  when coupled with appro- 

12 



SECTION 4 

ACTIVE AND PASSIVE CHECKOUT 

The multiplexer can be synchronized with a Model 270 Time Divisional Multiplexer, 

and its output connected to one of the primary channels of the Model 270. Since 

The terms active and passive, when associated with checkout systems, have had vari- 

ous meanings. The generally accepted connotation (used herein) is that active check- 

out is where the normal signal flow is interrupted and replaced with or acted upon 

by generated stimuli. Passive checkout is where the normal signal flow is not inter- 
rupted or acted upon by external stimuli. 

I 

ACT, by its general requirement, is,an active technique. To use ACT, two known 

inputs are required. These known inputs, checkpoint values, replace the normal 

signal flow to provide data for determining correction factors. 
t 

EcIvever, the absve dzes net  prec lude  a fer2 ef pessive checknnt when time-sharing 

data transmission systems are used. 
sors and checkpoint values into a common signal amplifier. 

This time-sharing permits multiplexing of sen- 

sensors and checkpoint values. 

Figure 3 shows a block diagram of the proposed sublevel multiplexer system that 

allows passive checkout and calibration. Eight sensors, plus high and low check- 

points, are inputted into the multiplexer. The inputs are scanned in sequence to 
provide a series of 10 segments that are amplified and fed to a primary channel of 

a Model 270 multiplexer. The Model 270 multiplexer inserts the data into the proper 
slots of the PCM wave train for conversion to digital format for transmission to the 

ground receiving station. 
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Figure 3 .  PASSIVE CALIBRATION TECHNIQUE 

Once received on the ground, the computer s e l e c t s  t h e  checkpoint d a t a  words and gen- 

e r a t e s  the s i g n a l  ampl i f i e r  c o r r e c t i o n  f a c t o r s .  These c o r r e c t i o n  f a c t o r s  then can 

be appl ied t o  the  e i g h t  sensor  da t a  words a s s o c i a t e d  with the checkpoint words t o  

provide t r u e  sensor d a t a .  

There are  c e r t a i n  l i m i t a t i o n s  encountered when us ing  t h i s  sub leve l  mu l t ip l exe r .  

Because a l l  sensor outputs  are  amplif ied by the  same a m p l i f i e r ,  t he  senso r s  connected 

t o  a p a r t i c u l a r  sub leve l  commutator should have approximately equal  output  ranges.  

Numerous measurements p re sen t ly  r e q u i r e  t h a t  the senso r  and s i g n a l  cond i t ione r  be 

c a l i b r a t e d  as one u n i t  under t h i s  condi t ion.  If the sensor  i s  r ep laced ,  i t  is  man- 

datory t o  replace the s i g n a l  cond i t ione r .  

d i t i o n s  where sensors and s i g n a l  cond i t ione r s  must be c a l i b r a t e d  toge the r  might 

r e q u i r e  t h a t  a whole combination of sensors  be c a l i b r a t e d  through one s i g n a l  condi- 

t i o n e r .  This  c r e a t e s  an undes i r ab le  f e a t u r e  i n  t h a t  i f  one component i s  r ep laced ,  

the e n t i r e  group of sensors  a s soc ia t ed  with t h e  s i g n a l  cond i t ione r  would r e q u i r e  

replacement. 

Using the  sub leve l  mu l t ip l exe r  under con- 

I n  reviewing the measurement requirements on Sa tu rn  I B ,  i t  appears  t h a t  temperature 

measurements on t h e  booster  would be t h e  most f e a s i b l e  t o  combine i n t o  a common 

14 



signal conditioner. This is due to the fact that the eight rocket motors and per- 

ipheral equipment essentially have the same instrumentation. 

The benefits to be derived from this type of passive measurement system are question- 

able when associated with stages other than the booster. It is true that power re- 
quirements for calibration and operation are decreased, but prior to launch, this is 
not a real problem. To be of value, there must be sufficient measurements that have 
sensors of identical output ranges that are independent , calibration-wise, from the 
signal conditioner. Instrumentation requirements for stages other than Saturn IB 
boosters and the IU unit are not available, 
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SECTION 5 

COMPUTER FLOW 

Current ly ,  t he  DDAS onboard system generates  an  1800-word wave t r a i n .  

t r a in  is  t r ansmi t t ed  t o  t h e  ground DDAS four times a second e i t h e r  by a hardwired 

600-kc c a r r i e r  ( p r i o r  t o  launch) or  by r - f  l i n k .  The DDAS i n t e r f a c e s  wi th  the  com- 

pu te r  through 13-b i t  address  l i n e s ,  4 0 - b i t  da t a  l i n e s ,  and a d a t a  ready l i n e .  The 

computer o r i g i n a t e s  a 13 -b i t  address ,  and when coincidence occurs  between t h e  address  

and the  DDAS i n t e r n a l  counters ,  four  d a t a  words (40 -b i t s  i n  p a r a l l e l )  and a "data  

ready'' s i g n a l  appears on the  DDAS output r e g i s t e r  l i n e s .  

This  wave 

Data can be t r a n s f e r r e d  a t  t he  r a t e  of four  words every 1112 microseconds, provided 

t h e  computer p rograming  i s  arranged i n  the proper  sequence. With an a c q u i s i t i o n  

rate of four  words every 1 1 1 2  micrmeccmds, the cm.pnter c m  acquire a l l  i-c---bz L L L ~ ~  LUCL L Lon 

i n  500 mi l l i s econds  (two wave t r a i n s ) .  

The computer f o r  t he  Saturn program a t  Kennedy Space Center i s  the  RCA l l O A .  This  

computer, while  having t h e  c a p a b i l i t y  of cont ro l  and eva lua t ion  of many func t ions ,  

i s  r e l a t i v e l y  slow i n  performing a r i thme t i c  computations,  

t he  RCA l l O A  i s  28.85 microseconds. 

termining o r  applying ACT c o r r e c t i o n  f a c t o r s  i n  r e a l  time. Addit ional  time f a c t o r  

l i m i t a t i o n s  a r e  caused by RACS programming and readout of the  da t a .  Figure 4 shows 

t h e  computer flow f o r  determining and applying the  co r rec t ion  f a c t o r s .  The cor rec-  

t i o n  f a c t o r s  r e q u i r e  the  measurement of two known checkpoint va lues  p r i o r  t o  t h e i r  

computation. These checkpoints a r e  se lec ted  by the  computer through the  RACS. RACS 

r e q u i r e s  t h e  a p p l i c a t i o n  of con t ro l  s i g n a l s  f o r  a minimum of 50 mi l l i s econds  and a 

m a x i m u m  of 250 mi l l i s econds  t o  program i n  one checkpoint.  

a t i o n  t i m e ,  it i s  p re fe r r ed  t o  o b t a i n  a l l  high checkpoint va lues  pr ior  t o  ob ta in ing  

the low checkpoint va lues .  For example, i f  a l l  h igh  checkpoints were programed i n  

The word cvc le  time of 

T h i s  cycle time prevents  t h e  computer from de-  

Because of t h e  RACS oper- 
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s e q u e n t i a l l y ,  1 . 6  seconds would be required f o r  500 channels; but  i f  t h e  high check- 

p o i n t  and then the low checkpoint a r e  programmed f o r  one channel, it would t ake  300 

seconds f o r  500 channels. 

The following desc r ibes  t h e  ope ra t ion  and t i m e  involved f o r  t h e  RCA l l O A  computer t o  

process  one s igna l  measurement channel ( r e f e r  t o  f i g u r e  4). 

The following connotations a r e  used: 

X1 = Predetermined high checkpoint va lue  

X2 = Predetermined low checkpoint value 

Y1 = Measured high checkpoint value (DDAS o f f s e t  removed) 

Y2 = Measured low checkpoint value (DDAS o f f s e t  removed) I 
m = Gain c o r r e c t i o n  f a c t o r  

b = Offset c o r r e c t i o n  f a c t o r  

Yo = Measured run value (DDAS o f f s e t  removed) 

Xo = Corrected run  va lue  

P r i o r  t o  t h e  performance of a c a l i b r a t i o n  run,  t he  predetermined high and low check- 

p o i n t  va lues  X and X must e x i s t  i n  the computer memory. These va lues  w i l l  remain 

f ixed  f o r  a given s i g n a l  condi t ion.  I n  a d d i t i o n ,  t h e  run va lue  high and low t o l e r -  

ance l i m i t s  are  required i n  memory. The c a p a b i l i t y  f o r  changing these  l a t t e r  l i m i t s  

should e x i s t  so t h a t  a s  the sensor environment changes, the l i m i t s  can be changed. 

1 2 

F i r s t ,  t h e  checkpoint is  programmed through RACS. The computer t hen  acqu i re s  t h e  

high checkpoint measured va lue .  

o f f s e t )  from the measured va lue .  This measured checkpoint value (Y ) next is s to red  

i n  the  computer's temporary memory. 

value (X  ) i s  placed i n  t h e  r e g i s t e r  where Y is s u b t r a c t e d  from i t .  The sign of t he  

r e g i s t e r  i s  then checked; i f  t h e  s i g n  is  nega t ive ,  t h e  complement of X - Y must be 

obtained. The abso lu te  value of  X - Y is  compared a g a i n s t  2 percen t  f u l l  scale 

and t h e  s t a t u s  i s  s to red  i n  the  memory. 

pared a g a i n s t  10 percent  f u l l  s c a l e ,  with t h i s  s t a t u s  s t o r e d  i n  memory. 

w i t h i n  the  2 percent t o l e rance  range i s  considered d e f i n i t e l y  GO; any value between 

2 percent  and 10 percent  i s  considered marginal and must be evaluated by engineer ing.  

The t o t a l  time f o r  t h e  computer t o  process  a high checkpoint va lue  i s  a minimum of 

The next computer s t e p  s u b t r a c t s  24 b i t s  ( t he  DDAS 

1 
Following t h i s ,  t h e  high checkpoint predetermined 

1 1 

1 1 

1 1 
The a b s o l u t e  va lue  of X1 - Y then is  com- 

Any v a l u e  
1 
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34 word t imes o r  980.9 microseconds. After  completion of t he  high checkpoint evalu-  

a t i o n ,  t h e  low checkpoint measurement i s  processed through t h e  computer. The proce- 

dure f o r  process ing  the  low checkpoint measurement i s  similar t o  t h a t  descr ibed  f o r  

t he  high checkpoint measurement, 

980.9 microseconds. 

f a c t o r s  a r e  computed. 

r e g i s t e r  where X2, t he  predetermined low checkpoint va lue ,  i s  sub t r ac t ed  from it .  

The r e s u l t a n t  va lue ,  AX, i s  s to red  i n  temporary memory. The measured high va lue ,  

Y1, i s  pu l l ed  from memory and placed i n  the  r e g i s t e r  where Y 

value,  i s  sub t r ac t ed  from it t o  obta inAY.  The r e s u l t a n t  value of AY is divided by 

AX t o  o b t a i n  t h e  va lue  m, the  ga in  co r rec t ion  f a c t o r ,  which then is  s t o r e d  f o r  l a t e r  

p r i n t o u t  and a p p l i c a t i o n  t o  ''run" data. 

and t h e  r e s u l t i n g  va lue ,  mX, i s  s t o r e d .  

t h e  r e g i s t e r  where mX i s  subt rac ted  from i t  t o  o b t a i n  by the  o f f s e t  c o r r e c t i o n .  

va lue  b is p u t  i n t o  s to rage  f o r  later u s e .  

t o r s  i s  2111.45 microseconds. 

( t -2 percent ,  210 percent )  can be pul led  from s to rage  and p r in t ed  o u t .  Af te r  comple- 

Here again the  minimum process ing  t i m e  would be 

Upon completion of both high  and low checkpoints ,  t h e  c o r r e c t i o n  

The predetermined high checkpoint value (X1) is  placed i n  the  

the  measured low 2'  

T h i s  va lue  of m is then  m u l t i p l i e d  by X1, 

Y1 is  pul led  from s to rage  and en te red  i n t o  

The 

Minimum t i m e  t o  compute c o r r e c t i o n  fac-  

A t  t h i s  time Y1, Y2,  m, by and the  two s t a t u s  va lues  

t i n g  the  c o r r e c t i p n  f a c t o r  computation, t h e  computer next programs the  "run" va lues  

through RACS. The measured sensor  value i s  acquired and 24 b i t s  IDDAS o f f s e t )  i s  

sub t r ac t ed  f rom it t o  o b t a i n  Y The o f f s e t  c o r r e c t i o n  f a c t o r ,  b y  i s  pu l l ed  from 

s to rage  and sub t r ac t ed  from Y,. This r e s u l t a n t  va lue  i s  then d iv ided  by the  ga in  

c o r r e c t i o n  f a c t o r ,  m y  t o  o b t a i n  X the  cor rec ted  sensor  s i g n a l .  The co r rec t ed  

sensor  s i g n a l  is  s to red  f o r  l a t e r  p r i n t o u t .  The cor rec ted  sensor  s i g n a l  next i s  

compared wi th  both t h e  run mode high l i m i t  wi th  the  r e s u l t s  being s t o r e d ,  and the  

run mode low l i m i t  wi th  the  r e s u l t s  be ing  s to red .  

measurement can be p r i n t e d  o u t .  Time to program the  run value through the  computer 

is 1384.8 microseconds. 

through c a l i b r a t i o n  and t o  o b t a i n  the  cor rec ted  va lue  less p r i n t o u t  i s  5458.05 micro- 

seconds. 

F igur ing  t h e  base minimum of 5458.05 microseconds t o  process  one co r rec t ed  s i g n a l  

less p r i n t o u t ,  and t h e  t h e o r e t i c a l  maximum number of s i g n a l s  t o  be processed as 1458, 

t he  t o t a l  computer time involved would be 7.9578 x 10 microseconds, o r  roughly, 8 

seconds. 

more r a p i d l y .  

0' 

U 

0' 

The va lue  and s t a t u s  of t h e  sensor  

The minimum computer time requi red  t o  process  one channel 

Addi t iona l  time requirements t o  process s i g n a l s  i s  a d i s t i n c t  p o s s i b i l i t y .  

6 

Other computer types with s h o r t e r  cycle  t imes can process  these  s i g n a l s  

The p r e s e n t  method of computer checkout of the  Saturn system r e q u i r e s  12  da t a  memory 

l o c a t i o n s  p e r  measurement channel. ACT r equ i r e s  an  a d d i t i o n a l  f i v e  d a t a  memory 

2 1  



l oca t ions  per measurement channel o r  a t o t a l  of 1 7  l o c a t i o n s .  

shows a comparison of t h e  da t a  memory l o c a t i o n s  f o r  ACT and the  cu r ren t  method, f o r  

one measurement channel. 

The fol lowing t a b l e  

ITEM NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

COMPARISON OF DATA MEMORY REQUIREMENTS PER MEASUREMENT CHANNEL 

ACT VERSUS PRESENT METHOD 

NAME 
PRESENT 

SYMBOL ACT METHOD 

- Measurement Channel Number X X 

X X x1 Predetermined High Checkpoint Value 

X X 

X X 

x2 

y1 

P r  e de term ine  d Low Che c kp o i n t  Va  1 ue 

Measured High Checkpoint Value 

Measured High Checkpoint t 2 %  Tolerance 
Y ?2% X X 
1 S t a t u s  (Go Condition) 

Measured High Checkpoint 210% Tolerance 
Y 210% x 

X 

1 S t a t u s  (Marginal Condition) 

Measured Low Checkpoint Value Y2 
Measured Low Checkpoint 22% Tolerance S t a t u s  Y 22% X 

2 

Measured Low Checkpoint +4% Tolerance S t a t u s  Y2 14% 

Measured Low Checkpoint + lo% Tolerance S t a t u s  Y2 110% X 

Gain Correct ion Factor  m X 

Offset  Correct ion Factor  b X 

Measured Sensor Value (Run Mode) X 

X xO Corrected Sensor Value 

X 

- Run High Tolerance L i m i t  X X 

- Run Low Tolerance L i m i t  X X 

- Run High Tolerance Comparison Resul t  X X 

- X - X Run Low Tolerance Comparison Resul t  - 
Tota l  Memory S l o t s  1 7  12 



~- 

The cur ren t  onf igur 

of the DDAS. 

t i o n  of t h e  Saturn program does not  use t h e  maximum c a p a b i l i t y  

On Saturn IB-1, t h e  boos te r  and I U  have 700 measurement channels.  Of these  channels ,  

467 a re  compatible with ACT. The balance of 233 a r e  not considered compatible because 

they lack  provis ions  f o r  programming the  i n s e r t i o n  of known input  va lues .  

For computer checkout and c a l i b r a t i o n  u n i f i c a t i o n  without ACT, t h e  booster  and I U  

r equ i r e  8400 computer da t a  memory loca t ions  and approximately 2000 i n s t r u c t i o n  memory 

l o c a t i o n s .  

For c a l i b r a t i o n  and checkout with ACT, 7939 d a t a  memory l o c a t i o n s  a re  requi red  f o r  

the compatible s i g n a l s  and 2796 loca t ions  a r e  requi red  f o r  the  noncompatible s i g n a l s  

f o r  a t o t a l  of 10,735 da ta  memory locat ions.  

t i o n s  a r e  requi red  f o r  a t o t a l  of 13,235 memory l o c a t i o n s .  

In add i t ion ,  approximately 2500 i n s t r u c -  

If 1000 d a t a  channels a re  used on a PCM system, 540 (27 racks of 20 channels each) 

can be compatible. w i t h  ACT. This  would requi re  17,100 da ta  and i n s t r u c t i o n  loca t ions .  

The magnetic tape da ta  output  from the  computer is one of the  time l i m i t i n g  f a c t o r s .  

The IiCA liOA has an o u t p u t  rate of 15,000 cha rac t e r s  per  second. 
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SECTION 6 
ONBOARD PROGRAMMER 

The a p p l i c a t i o n  of ACT, pr imar i ly ,  has deal t  wi th  ground-based v e h i c l e s .  

t h e  technique is  equal ly  app l i cab le  t o  remote o r  o r b i t i n g  v e h i c l e s ,  provided a means 

of i n i t i a t i o n  and i d e n t i f i c a t i o n  of the  c a l i b r a t i o n  da ta  i s  provided. 

means of implementation i s  t o  i n s t a l l  an onboard programmer a c t i v a t e d  by t h e  r a d i o  

command l i n k .  This  programmer must provide s i g n a l s ,  through t h e  d a t a  r e t r i e v a l  

system, t o  a d v i s e  ground-based computers of the  c a l i b r a t i o n  mode, as w e l l  a s  a c t i v a t e  

the  c a l i b r a t i o n  cyc le .  

However, 

The s imples t  

A closed-loop type system - where the ground computer prepares  i t s e l f  t o  process  

c a l i b r a t i o n  d a t a ,  i s s u e s  a c a l i b r a t i o n  command, awai t s  da t a ,  and then  processes  the  

da t a  - is not  p r a c t i c a l  oii remote space i i e f i l c k s .  

t h e  moon, t he  time i n t e r v a l  f o r  t he  command s i g n a l  t o  be t ransmi t ted  and the  d a t a  

received,  d i s r ega rd ing  any onboard programming sequences, would be 2.65 seconds. 

For a v e h i c l e  oii t he  su r face  of 

To minimize t h e  complexity of t he  onboard programmer, a l l  measurement channels a r e  

progranuned s imultaneously throush the high-cal  i b m t e :  lnw-cal i h r a t e ;  and the rim mndo 

when a i rbo rne .  

a f t e r  r e c e i p t  o f  t he  c a l i b r a t i o n  command from t h e  command r e c e i v e r .  A n  a d d i t i o n a l  2 

seconds is  r equ i r ed  t o  permit t he  programmer t o  reset f o r  another  c a l i b r a t i o n  command. 

Switching from one mode t o  t h e  next is accomplished a t  2-second i n t e r v a l s .  

synchroniza t ion  with the  PCM wave t r a i n  i s  used, four  of t he  e i g h t  DDAS wave t r a i n s  

t h a t  occur du r ing  a 2-second-time-period mode a r e  required f o r  switching,  two f o r  t he  

onboard program, and two f o r  the  computer i d e n t i f i c a t i o n  of mode. The computer de- 

l ays  the  a c q u i s i t i o n  of da t a  f o r  one complete wave t r a i n ,  s t o r i n g  the  information 

from the  s i x t h  and seventh wave t r a i n s  of a c a l i b r a t i o n  mode pe r iod .  The e ighth  wave 

t r a i n  i s  not  used.  The delay i n  the  computer compensates for  the  ope ra t ion  time of 

t he  RACS c o n t r o l  and r e l a y s  wi th in  t h e  s i g n a l  cond i t ione r s .  

This  c a l i b r a t i o n  cyc le  can be achieved i n  a maximum of 4 . 1  seconds 

As no 
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During the c a l i b r a t i o n  modes, d i s c r e t e  s i g n a l s  a r e  suppl ied through the DDAS t o  the 

computer. P r i o r i t y  i n t e r r u p t  rou t ines  are e s t ab l i shed  wi th in  the  computer program- 

ming t o  accept the  c a l i b r a t i o n  d a t a  and generate  new co r rec t ion  f a c t o r s  f o r  appl ica-  

t i o n  t o  fu tu re  sensor d a t a .  

Figure 5 dep ic t s  the  l o g i c  diagram f o r  the onboard p r o g r a m e r .  

t o  the onboard programmer is  required from the r ad io  command rece ive r .  

from the programmer e x i s t .  

diodes,  t o  the RACS onboard measuring rack s e l e c t o r  inputs .  

a r e  connected t o  PCM/DDAS d i s c r e t e  word segments. 

t o  the  RACS Measuring Rack Se lec to r  a re :  

A s i n g l e  pulse  input  

Six outputs  

Four of these  outputs  a r e  connected, through i s o l a t i o n  

The o the r  two outputs  

The four  s igna l  l i n e s  connecting 

(1) All-racks (Input 6 )  

(2) All-channels (Input C) 

(3) Mode s e l e c t  high (Input I )  

(4) Mode s e l e c t  low (Input  11).  

RADIO 
COMM4ND 

30 PPM 
OSClLLAlOR 
100-MS PULSES 

- 150 MS 
ONE SHOT 

0 5-2 
150 MS 

ONE SHOT 

LOW MODE CALIBRATE 
SIGNAL TO TELEMETRY FF-2 

HIGH MODE CALIBRATE 
SIGNAL TO TELEMETRY nn 

Figure 5 .  ONBOARD CALIBRATION PROGRAMMER 



Assuming t h e  programmer t o  be i n  the  nonca l ibra te  mode, t h e  fol lowing quiescent  con- 

d i t i o n s  e x i s t .  FF-1, FF-2, and FF-3 a r e  i n  t h e  c l e a r  condi t ion  (output on 0 ) .  AND 

ga tes  AG-1, AG-3, AG-4, AG-5, AG-6, and AG-7 a r e  c losed .  AG-2 i s  open, a l lowing 

the  30-pulse-per-minute, 100-mill isecond-duration pulsbs  from the  o s c i l l a t o r  t o  keep 

FF-2 and FF-3 i n  the  r e s e t  condi t ion .  

When a r a d i o  command c a l i b r a t e  s i g n a l  i s  received, t h e  150-mill isecond one-shot OS-1 

pu l ses .  

pu lse  from t h e  o s c i l l a t o r ,  AG-1 remains closed due t o  the a c t i o n  of t h e  inverter  

INV-1.  Should t h e r e  no t  be an output  from the  o s c i l l a t o r ,  FF-1 w i l l  be turned on 

only dur ing  t h e  1900-millisecond per iod  t h a t  t he  o s c i l l a t o r  pu l se  is o f f .  This  is  

t o  ensure t h a t  f u l l  l eng th  pu l ses  from the  o s c i l l a t o r  a r e  a v a i l a b l e  f o r  ope ra t ing  

the  con t ro l  l i n e s  t o  the  RACS equipment. RACS commands must have a minimum d u r a t i o n  

of 50 mi l l i s conds .  

If t h i s  pu lse  occurs simultaneouely wi th  or du r ing  the  time of the  30-ppm 

When FF-1 s e t s ,  AG-2 c loses  and AG-3 w i l l  open whenever a pu lse  from the  o s c i l l a t o r  

occurs .  The f i r s t  o s c i l l a t o r  pu lse  is then fed  t o  the  t r i g g e r  of FF-2 and the  a l l -  

racks output ,  t h e - a l l - c h a n n e l s  ou tput ,  AG-4, and AG-5 through the  10-mill isecond time 

delay TD-1. FF-2 f l i p s  t o  s e t ,  enabl ing AG-4, t he  high mode RACS command, dur ing  the  

du ra t ion  of the  o s c i l l a t o r  pu l se .  AND ga te ,  AG-7, w i l l  open as FF-2 is i n  the  set 

condi t ion ,  and FF-3 is c l e a r  which a p p i i e s  s i g n a l s  t o  both inputs  of A G - ~ .  AG-7 w i i l  

remain open a s  long a s  FF-2 is s e t ,  and FF-3 is c l e a r .  The second pulse  from t h e  

o s c i l l a t o r  through AG-3 causes FF-2 t o  c l e a r  which i n  t u r n  t r i g g e r s  FF-3, causing i t  

t o  s e t .  

When PB-7 r l n a r n  !-e-/! 1.~5 b-g-7 2.s j+ ih i tcd ,  z ~ d  F-C-5 + s  2 s l c - a l  q.pl<cd +rczgh 
- - - - - - I  

INV 6-2. FF-3, when i n  t h e  set condi t ion ,  app l i e s  s i g n a l s  t o  AG-5 and AG-6, and an 

i n h i b i t  t o  AG-7 through INV-3. AG-6 now opens, applying a s i g n a l  t o  the low-mode 

c a l i b r a t e  signal t o  te lemet ry .  The second pulse  from t h e  output  of AG-3 a l s o  a p p l i e s  

100-mill isecond pulse  through TD-1 to  a l l - r acks ,  a l l - channe l s ,  and through AG-5 t o  

t h e  low-mode ou tpu t .  

The t h i r d  pu l se  from A G 3  causes FF-2 t o  f l i p  t o  t h e  set condi t ion ,  thus  applying 

100-mill isecond pu l ses  t o  AG-4 and AG-5, high-mode and low-mode outputs  r e s p e c t i v e l y ,  

a s  wel l  a s  t o  the  a l l - r a c k s  and a l l -channels  ou tpu t s .  Because FF-2 and FF-3 are both 

set ,  AG-6 and AG-7 a r e  both inh ib i t ed  through INV-2 and INV-3 r e spec t ive ly .  
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The fourth pulse through AG-3 triggers FF-2 to clear, which in turn triggers FF-3 to 

clear, When FF-3 clears, a pulse through one-shot OS-2 clears FF-1 causing AG-3 to 

inhibit further oscillator pulses from triggering FF-2. AG-2 will now conduct on 

all oscillator pulses, keeping FF-2 and FF-3 continuously clear. The function of 
TD-1 is to delay the initiation of pulses to the RACS until FF-2 and FF-3 have had 
an opportunity to flip to the desired state. 

Figure 6 depicts the timing chart for the onboard programmer, 
initiates during the off time of the programmer oscillator (30 ppm of 100-millisecond 

duration pulse). Coincident with the first oscillator pulse, the high-mode telemetry 

discrete signal is generated. Following a 10-millisecond delay, the all-racks, all- 

channels, and high-calibrate mode signals, of 100 milliseconds duration, are supplied 

to the RACS inputs. Coincident with the second oscillator pulse, the high-mode 

telemetry discrete switches off and the low-mode telemetry discrete switches on. 

Following a 10-millisecond delay, the all-racks, all-channels, and low-calibrate 
mode commands are supplied to RACS. Coincident with the third oscillator pulse, the 

low-mode telemetry discrete signal turns off. Following another 10-millisecond delay, 

the all-racks, all-channels, high-calibrate mode and low-callibrate mode commands are 

issued to RACS to return the system to the run mode. A fourth oscillator pulse is 
required to complete the reset cycle of the programer. 

The calibration mode 

The one disadvantage to programing all-racks and all-channels through the calibration 

mode simultaneously is the amount of power required to operate all the signal condi- 

tioner relays in the calibration modes. The RACS has the capability of controlling 

27 measuring racks of 20 channels each for a total of 540 channels. Using a figure 

of 40-ma current drain per relay, the instantaneous current required to operate a 

maximum of 540 relays from a 28-volt source is 21.60 amperes. This power would be 

required for 2 seconds for each mode, or a total of 4 seconds, assuming that each 
signal conditioner had two modes. The total power required in ampere-hours, assuming 
a calibration cycle occurs once each hour, is 

21.60 amperes x 4 seconds 
3600 secondlhour = 0.024 amperelhour 

The ampere-hour requirement for calibration is relatively low. Should the electrical 

system be capable of withstanding the 4-second peak load of 21.60 amperes, no real 
problem exists. 
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HIGH MODE TELEMETRY DISCRETE 

LOW MODE TELEMETRY DISCRETE I 

IM) MS TYPICAL 

PROGRAMMER OSCILLATOR 

ALL-RACKS COMMAND 

ALL€HANNELS COMMAND 

HIGH CALIBRATE MODE COMMAND 

LOW CALIBRATE MODE COMMAND 

NOTE: SIMULTANEOUS HIGH AND LOW RACS COMMAND PROGRAMS RUN MODE 
w a  

Figure 6 .  TIMING CHART-PROPOSED ONBOARD CALIBRATION PROGRAMMER 

To decrease t h e  instantaneous power load, keeping the same q u a n t i t y  of s i g n a l  condi- 

t i o n e r s ,  a m o r e  complicated programmer couid be developed t h a t  would sequence the  

r acks  o r  groups of racks.  

crete channels would be required t o  denote which channels are being c a l i b r a t e d .  Also, 

t h e  computer r o u t i n e s  would become more complicated t o  i d e n t i f y  and process  the cor- 

rect  channels undergoing c a l i b r a t i o n .  

Th i s  has  the  added disadvantage t h a t  more te lemetry d i s -  
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SECTION 7 

GROUND VERSUS ONBOARD CHECKOUT 

The MSFC'S Automation Plan, r ev i sed  1 June 1964, under Future Trends, i n d i c a t e s  t h e  

u l t ima te  s o l u t i o n  t o  the checkout problem may be the  u t i l i z a t i o n  of an onboard com- 

p u t e r .  S t a t ed  t h e r e i n  i s  t h e  following: "This computer would have a s to red  program 

which desc r ibes  the  f l i g h t - p a t h  t o  s a t i s f a c t o r y  mission completion. This computer 

would r ece ive  inpu t s  from guidance sensors  which would be u t i l i z e d  with veh ic l e  con- 

d i t i o n  senso r s  and compared with performance requirements t o  provide an assessment 

of m i s  s ion accomplishments . " 

Checkout f o r  t h i s  veh ic l e  would r e q u i r e  a ground computer t o  i n t e r r o g a t e  the onboard 

computer a s  t o  veh ic l e  r ead iness .  'The oniy s i g n a l  necessary i n  r e p l y  would be 'Vehi- 

c l e  i s  ready and capable of mission accomplishment' o r  'Vehicle i s  no t  ready' . ' '  

I 1  

The onboard computer has many advantages over the ground-based computer, but i t  a l s o  

has many disadvantages.  

Advantages t o  an onboard checkout computer system a r e :  

(1) Decrease i n  ground checkout equipment 

(2) A l l  sequences i n  checkout u t i l i z e  the  same equipment. 

f a c t u r e ,  p o s t - s t a t i c ,  and prelaunch i s  i d e n t i c a l .  

Checkout a f t e r  manu- 

(3 )  Standa rd iza t ion  of procedures and methods with a r e s u l t a n t  i nc rease  i n  the 

c o r r e l a t i o n  of r e s u l t s  
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( 4 )  Decrease i n  documentation - The design group r e spons ib l e  f o r  t he  v e h i c l e  I 

i s  now re spons ib l e  f o r  computer programming. The change release fo r  the  

vehic le  inc ludes  programming changes. I 

i (5) Decrease i n  computer sof tware - Software fo r  only one computer i s  r e -  

quired.  

(6)  Decrease i n  umbi l ica l  connect ions 

( 7 )  Provides onboard checkout f o r  manned veh ic l e  without  a d d i t i o n  of equipment. 

The disadvantages of a n  onboard computer a r e :  

(1) Added veh ic l e  weight 

( 2 )  Added vehic le  power consumption 

( 3 )  Decrease i n  veh ic l e  r e l i a b i l i t y  

( 4 )  Costs fo r  development and f l i g h t  q u a l i f i c a t i o n  of a new computer 

(5) Increased veh ic l e  c o s t s  

( 6 )  The p r o b a b i l i t y  t h a t  each s t age  would r e q u i r e  a d i f f e r e n t  computer config-  

u ra t ion  i s  a d i s t i n c t  p o s s i b i l i t y .  

The present  vehic les  i n t e r f a c e  wi th  the  ESE through RACS and DDAS f o r  primary sys-  

t e m  c a l i b r a t i o n  and v e r i f i c a t i o n .  These two subsystems a r e  the  only  subsystems t h a t  

are common t o  a l l  s t ages  a t  a l l  f a c i l i t i e s  w i t h i n  t h e  Saturn program. A more log i -  

c a l  approach t o  veh ic l e  checkout would be t o  combine t h e  advantages of ground-based 

checkout with the  advantages o f  onboard checkout i n  a common type ground-based com- 

puter .  This  new computer would make a t h i r d  subsystem common t o  a l l  s t ages  and a l l  

l oca t ions .  The computer could be a s soc ia t ed  wi th  a p a r t i c u l a r  s t a g e ,  t r a v e l i n g  

between f a c i l i t i e s  a s  p a r t  of t he  veh ic l e  sof tware  package, o r  i t  could remain a t  a 

given loca t ion  and programming tapes  could t r a v e l  with the  v e h i c l e  package. Used i n  

t h i s  manner, the computer would no t  add weight t o  the  v e h i c l e ,  decrease  the  veh ic l e  

r e l i a b i l i t y ,  consume v e h i c l e  power, o r  i nc rease  t h e  v e h i c l e  c o s t .  
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Design r e s p o n s i b i l i t y  f o r  the computer programming should be assigned t o  the  des ign  

group of the onboard hardware, j u s t  l i k e  i t  would be assigned f o r  an onboard com- 

pu te r .  Thus, when a change i s  made t o  the onboard system, t h e  design r e l e a s e  pack- 

age would con ta in  the information f o r  t he  computer programming change. The computer 

i s  a l s o  r eusab le ,  which i s  not t he  case for an a i rbo rne  computer. Increased f l ex -  

i b i l i t y  i n  checkout i s  a l s o  obtained.  By s u b s t i t u t i o n  of a programming tape,  the 

computer can be used t o  monitor the performance of another  s t a g e .  This common type 

computer i s  a d i g i t a l  processing device;  t he re fo re ,  i d e n t i c a l  r e s u l t s  with two l i k e  

computers would be obtained i f  the same inputs  were suppl ied.  I n  event  of a t i m e  

consuming malfunction a t  t he  launch s i te ,  the system t e s t e d  by the malfunctioning 

u n i t  could be t e s t e d  by tape s u b s t i t u t i o n .  There are s e v e r a l  o f f - the - she l f  small  

gene ra l  purpose computers, which s e l l  f o r  under $150,000, t h a t  can perform the 

eva lua t ion  of veh ic l e  performance. 

s to rage  f o r  ACT and the a b i l i t y  t o  perform the necessary c a l c u l a t i o n s .  These same 

computers, while  not having the  c a p a b i l i t y  of the RCA l l O A  f o r  multipurpose c o n t r o l ,  

can perform the a r i t h m e t i c  computations much more r a p i d l y ;  cyc le  t i m e  of 1.75 micro- 

seconds a r e  common. M u l t i p l i c a t i o n  and d i v i s i o n  execution times are 8.75 and 22.75 

microseconds r e s p e c t i v e l y ,  thus permit t ing real- t ime c o r r e c t i o n s  and l i m i t i n g  evalu-  

a t i o n  of sensor d a t a .  A t  the  launch f a c i l i t y ,  the new computer would perform under 

c o n t r o l  of t h e  RCA l l O A  computer complex. This would a l s o  r e l i e v e  much o f  the ex- 

pec ted  civerload on the RCA ::SA. 

l i n k s  a s  w e l l  a s  hardwire,  a l l  s i g n a l s  can be real- t ime monitored i n  f l i g h t  f o r  

t r u e  system performance eva lua t ion .  Corrective a c t i o n  a s  required then can be taken. 

These computers have the  c a p a b i l i t y  of adequate 

Since data can be r o i i t e d  t o  t h e  coiiipiii2r ever r - f  

The use of an e x t e r n a l  computer r e q u i r e s  a minimum of t h r e e  wi re s ,  p l u s  a ground 

r e t u r n ,  throiigh thP i i m h i  1 i r a l  . These w i r P s  are h i p h - c a l i  b r a t e  mode,  low-cal ibrate  

I 

mode, and t h e  coax cable  containing the 600-kc information from the veh ic l e  t o  the 

ground DDAS. Since c a l i b r a t i o n  of the onboard system can be accomplished i n  a r e l a -  

t i v e l y  s h o r t  t i m e ,  a l l  channels can be switched through the va r ious  c a l i b r a t i o n  modes 

s imultaneously.  

t h e  v e h i c l e .  

r e c o r d e r s ,  however, the c a l i b r a t i o n  mode should be appl ied f o r  s u f f i c i e n t  du ra t ion  

t o  permit  t h e  adjustment of the meters and c h a r t  r eco rde r s .  

There i s  now no requirement f o r  RACS as p resen t ly  known on board 

To properly a d j u s t  t he  block house real-time. d i s p l a y  meters and c h a r t  

With a n  onboard computer the same requirements f o r  adjustment of the block house 

r ea l - t ime  d i s p l a y  meters and r eco rde r s  e x i s t .  Both high and low modes m u s t  be 

programmed f o r  d i s p l a y  c a l i b r a t i o n .  
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I n  addi t ion ,  wi th  an onboard computer, umbi l ica l  wi r ing  w i l l  be requi red  t o  provide 

p r in t -ou t  of the measured values  from the computer. 

While these  computers w i l l  eva lua te  a l l  ins t rumenta t ion  funct ions r e l a t i v e  t o  manned 

spacec ra f t  capsules ,  a sepa ra t e  onboard computer i s  recommended t o  eva lua te  only 

those measurements pe r t a in ing  t o  s a f e t y  and c o n t r o l  func t ions  and present  the  r e -  

s u l t s  t o  the a s t ronau t s .  This onboard computer i s  discussed f u r t h e r  i n  Sec t ion  9 ,  

Manned Vehicle Checkout. 

34 



S E C T I O N  8 

UNMANNED VEHICLE CHECKOUT 

Figure 7 shows a block diagram for  an unmanned spacec ra f t  containing the c a p a b i l i t y  

of remote c a l i b r a t i o n  of the veh ic l e  instrumentat ion.  P r i o r  t o  veh ic l e  launch, c a l -  

i b r a t i o n  of t he  system i s  performed through RACS i n  the conventional manner. 

the spacec ra f t  i s  a i rbo rne ,  subsequent c a l i b r a t i o n s  a r e  performed v i a  r a d i o  command. 

To provide t h i s  c a p a b i l i t y ,  a l l  t h a t  i s  required i s  the  a d d i t i o n  of a s i m p l e  program- 

m e r  between the  command r e c e i v e r  and the onboard RACS system. 

Once 

Figure 7 .  C A L I B R A T I O N  CONTROL FOR UNMANNED O R B I T I N G  V E H I C L E S  
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The computer i s s u e s  a command t o  the veh ic l e  through the  r a d i o  command l i n k .  The 

c a l i b r a t i o n  programmer switches the high and low checkpoints i n  sequence through 

the onboard EUCS u n i t s .  Simultaneously with the switching, the appropr i a t e  mode 

d i s c r e t e  s igna l  i s  supplied t o  the  PCM/DDAS assembly f o r  i n s e r t i o n  i n t o  the DDAS 

wave t r a i n .  The DDAS wave t r a i n  i s  received by the ground DDAS system and fed t o  

the computer i n  the proper sequence. The computer recognizes the c a l i b r a t i o n  mode 

d i s c r e t e  and i n i t i a t e s  a p r i o r i t y  i n t e r r u p t  rou t ine  t o  s t o r e  new measured values  f o r  

the checkpoints.  Following the accumulation of both checkpoints,  new c o r r e c t i o n s  

are generated.  Following the completion of  the generat ion of  one new c o r r e c t i o n  fac-  

t o r ,  the computer a p p l i e s  the new f a c t o r s  t o  a l l  subsequent sensor  d a t a .  Because of 

the use of a f a s t  computer, the c o r r e c t i o n  f a c t o r s  can be generated e s s e n t i a l l y  i n  

r e a l  t i m e ,  thus not cos t ing  a l o s s  i n  d a t a .  



SECTION 9 

MANNED VEHICLE CHECKOUT 

Manned spacec ra f t  capsules have a l a rge  magnitude of da t a  t o  be der ived.  This da t a  

can be grouped i n t o  two general  c l a s s i f i c a t i o n s ;  those measurements t h a t  a f f e c t  

s a f e t y  and c o n t r o l  of the capsule ,  and those measurements containing da ta  of an 

engineer ing o r  experimental na tu re .  Because s a f e t y  and con t ro l  i s  of primary i n t e r -  

es t  t o  the  a s t r o n a u t s ,  i t  i s  recommended t h a t  they concern themselves only with 

t h e s e  measurements. Their t a sk  is burdensome enough without having t o  worry about 

t h e  l a t t e r  group of measurements. I f  t h i s  philosophy i s  imposed, i t  is  bel ieved 

a r e l a t i v e l y  small  (99 channels) onboard computer can be provided f o r  these func- 

t i o n s .  Figure 8 shows a block diagram that  expands on t h i s  concept. 

Safety and c o n t r o l  measurements are multiplexed i n t o  an A-D converter  t o  an onboard 

computer. I n  add i t ion ,  t hese  same measurements a r e  multiplexed i n t o  the PCM/DDAS 

channel, t h a t  contains  a l l  of the veh ic l e  instrumentat ion measurements, for t r a n s -  

mission t o  ground-based te lemetry s t a t i o n s .  

The PCM/DDAS s i g n a l s  from t h e  manned spacec ra f t  a r e  t r e a t e d  i n  much the same manner 

a s  those f o r  an unmanned v e h i c l e .  Each stage has a s soc ia t ed  with i t  a ground-based 

computer t h a t  i s  t r e a t e d  a s  p a r t  of the vehicle  sof tware.  

For v e h i c l e s  t h a t  are expected t o  be out  of  telemetry range of ground s t a t i o n s ,  such 

a s  on the f a r  s i d e  of t he  moon, an onboard recorder  a c t i v a t e d  by l o s s  of c a r r i e r  by 

the command rece ive r  records the telemetry PCM/DDAS d a t a .  Upon r e t u r n  of v e h i c l e  

r e c e p t i o n  of  command l i n k ,  the onboard tape recorder  plays back, t o  the ground s t a -  

t i o n ,  t he  recorded information on a separate  r - f  l i n k .  The sepa ra t e  r - f  l i n k  per- 

m i t s  s imultaneous recording of real- t ime te lemetry p lus  the delayed tape playback. 
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The mul t ip l exe r ,  A-D converter ,  and computer a s soc ia t ed  with t h e  s a f e t y  and con t ro l  

measurements a r e  synchronized. The 99 channels a r e  scanned once a second with the 

output of t h e  computer presented on the Astronauts Instrumentat ion Display Panel.  

An audible  voice i n t e r r u p t  p r i o r i t y  system a l e r t s  the a s t r o n a u t s  t o  any s i g n a l  t h a t  

exceeds i t s  l i m i t s .  

The computer d i r e c t s  t he  mul t ip l exe r  scan and causes the A-D converter  t o  d i g i t i z e  

the te lemetry vol tage.  Since the mult iplexer ,  A-D converter ,  and computer ope ra t e  

i n  synchronizat ion,  no o f f s e t  s i m i l a r  t o  t h a t  used i n  the PCM/DDAS i s  r equ i r ed .  

The A-D converter  converts  the 0- t o  5-volt  te lemetry t o  0 t o  999 binary values ,  

c o n s i s t i n g  of 10 b i t s  i n  p a r a l l e l .  Once d i g i t i z e d ,  the b ina ry  va lues  a r e  equiva- 

l e n t  t o  percent  f u l l  s c a l e .  

The computer has the ACT c a p a b i l i t y  and therefore  a p p l i e s  c o r r e c t i o n  f a c t o r s  t o  the 

measured values  t o  present  t r u e  sensor values i n  terms of percent  f u l l  s c a l e  a t  the 

Astronauts  Instrumentat ion Display Panel. To the engineer i n t i m a t e l y  f a m i l i a r  with 

t h e  0- t o  5-vol t  terminology a s soc ia t ed  with telemetry t h i s  might a t  f i r s t  be con- 

fus ing ,  but t o  a , p i l o t ,  a percentage f u l l  s c a l e  would be more meaningful than the 

te lemetry va lue .  

Primary prelaunch checkout of t he  s i g n a l  condi t ioner  a s soc ia t ed  w i t h  the s a f e t y  and 

c o n t r o l  s i g n a l s  i s  performed v i a  the PCM/DDAS l i n k .  For t h i s  reason,  t he  onboard 

computer need no t  compare and s t m e  the measured value of t h e  two checkpoints aga ins t  

a 10 percent  l i m i t .  This ,  t h e r e f o r e ,  decreases the number of memory loca t ions  per 

measurement channel required w i t h i n  the computer from 17 t o  15. For 100 channels, 
- rnn I - - L -  I - - - & : - - -  z f  1 2  l . ; t  y . 7 A r ~ c  e,-a I r c o ~  L'ne un'uwarci compu~er  will r e q u i r e  12uu uaLa A u L - C L u k I U .  --- 

the  memory would r e q u i r e  4096 l o c a t i o n s  t o  provide adequate i n s t r u c t i o n s .  

The c a l i b r a t e  mode can be i n i t i a t e d  by e i t h e r  r a d i o  command or by the a s t r o n a u t s  

from t h e i r  Instrumentat ion Display Panel. Both t h e  s a f e t y  and c o n t r o l  system and 

the convent ional  PCM/DDAS e n t e r  the c a l i b r a t e  mode simultaneously.  Upon acqu i s i -  

t i o n  of both the high and low checkpoint measured va lues ,  t he  onboard computer com- 

pa res  the  measured values  i n  r e a l  t i m e  and s t o r e s  the r e s u l t s  of the comparison. 

Following t h e  comparison of a l l  the low checkpoint va lues ,  t h e  computer scans the 

high-mode and low-mode comparison r e s u l t s  i n  sequence. I f  an out-of- tolerance 

( g r e a t e r  than f2 percent)  cond i t ion  e x i s t s  , the computer d i s p l a y s  the measured 
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value,  channel number, and high o r  low No-Go on the d i s p l a y  panel f o r  a minimum of 

3 seconds. Each NO-GO i s  displayed i n  sequence. I n  the absence of NO-GO'S, o r  dur- 

ing the p re sen ta t ion  of the f i r s t  No-Go, t he  computer generates  and s t o r e s  new cor- 

r e c t i o n  f ac to r s  f o r  a l l  channels.  Upon completion of the c o r r e c t i o n  f a c t o r  genera- 

t i o n ,  and r e t u r n  of a l l  s i g n a l  condi t ioners  t o  the rurl mode, t h e  ,cdmputer c o r r e c t s  

a l l  run values i n  r e a l  t i m e  and compares them a g a i n s t  the p re s to red  to l e rance  l i m i t s  

f o r  the sensor values .  

I f  out-of-tolerance sensor measurements a r e  encountered, the computer provides a 

d i sp lay  of the channel number, corrected measurement va lue ,  and No-Go high o r  low 

on the Instrumentation Display Panel. 

The voice i n t e r r u p t  p r i o r i t y  system provides an aud ib le  i n d i c a t i o n  t o  t h e  a s t r o n a u t s  

i n  the event of t he  d e t e c t i o n  of an out-of- tolerance sensor  measurement. Should the 

a s t ronau t s  be concentrat ing on some operat ion and f a i l  t o  s e e  a No-Go warning l i g h t ,  

the voice i n t e r r u p t  p r i o r i t y  system i n i t i a t e s  a prerecorded message t h a t  advises  them 

of the out-of- tolerance condi t ion and what c o r r e c t i v e  a c t i o n  should be taken.  I f  two 

o r  more out-of-tolerance condi t ions occur simultaneously,  the most c r i t i c a l  cond i t ion  

assumes p r i o r i t y  and i t s  message of c o r r e c t i v e  a c t i o n  takes  precidence.  A s  co r rec -  

t i v e  a c t i o n  or a s t r o n a u t  ove r r ide  occurs ,  t he  next most s e r i o u s  message a c t i o n  i s  

presented. Upon successive c o r r e c t i v e  a c t i o n  o r  ove r r ide ,  the next l e a s t  s e r i o u s  

condi t ion i s  reported u n t i l  a l l  problems have been c l ea red  or overridden. The voice 

i n t e r r u p t  p r i o r i t y  system operates  independent of the Astronauts Instrumentat ion 

Display Panel s e l e c t o r  switch.  Should the a s t r o n a u t s  be monitoring a p a r t i c u l a r  

channel and another channel exceeds i t s  to l e rance  l i m i t s ,  the a s t r o n a u t s  r ece ive  an 

audible  ind ica t ion  t h a t  the o the r  channel has an ou t -o f - to l e rance  cond i t ion .  

The Astronauts Instrumentat ion Display Panel ( f i g u r e  9)  i s  composed of a two-digit  

channel i nd ica to r  (99-total-channel capac i ty )  w i th  two manual thumbwheel-type se l ec -  

t o r s  (one fo r  t ens ,  the o the r  f o r  u n i t s ) ;  a t h r e e - d i g i t  percent  of f u l l  s c a l e  readout 

i n d i c a t o r  (00.0 t o  9 9 . 9 ) ;  t h ree  manual thumbwheel-type s e l e c t o r s  f o r  manual sensor  

l i m i t  i n s e r t i o n ;  high l i m i t  and low l i m i t  i n s e r t i o n  swi t ches ;  a th ree -pos i t i on  d i s -  

play s e l e c t o r  switch; an on-off c a l i b r a t e  pushbutton; two NO-GO i n d i c a t o r s ,  one f o r  

high and one f o r  low; two c a l i b r a t e  mode i n d i c a t o r s ,  one f o r  high and one f o r  low; 

and voice i n t e r r u p t  p r i o r i t y  system ove r r ide .  

i n d i c a t i o n  means the system i s  i n  run mode. I n  the  run mode, the DISPLAY SELECTOR 

The absence of e i t h e r  c a l i b r a t e  mode 
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Figure 9. ASTRONAUT INSTRUMENTATION DISPLAY PANEL 

switch may be s e t  i n  any of i t s  th ree  pos i t i ons .  I f  i t  i s  set  a t  CORRECTED AUTO 

SCAN, and a l l  measurements a r e  wi th in  to l e rance ,  the d i g i t a l  i n d i c a t o r s  w i l l  a l l  

d i s p l a y  ze ros .  

CHANNEL i n d i c a t o r  w i l l  d i s p l a y  the malfunctioniqg channel number, the PERCENT FULL 

SCALE i n d i c a t o r  w i l l  show the corrected measurement value,  and the  app l i cab le  NO- 
GO i n d i c a t o r  w i l l  l i g h t ,  depending upon the high or low to l e rance  var iance.  

i n d i c a t o r s  w i l l  d i s p l a y  f o r  a t  least  3 seconds, giving the a s t ronau t  t i m e  t o  note  

the  i n d i c a t e d  channel corrected measurement, and the app l i cab le  NO-GO i n d i c a t i o n .  

He then can t u r n  t h e  DISPLAY SELECTOR switch t o  DIRECT MANUAL, and MANUAL CHAN 

But if a measurement i s  detected as being out of t o l e rance ,  the 

These 
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SELECT thumbwheel s e l e c t o r  t o  the  app l i cab le  channel f o r  a continuous a c t u a l  meas- 

urement reading on the  PERCENT FULL SCALE i n d i c a t o r .  

c a t o r  w i l l  remain l i g h t e d .  The a s t ronau t  may use t h i s  information t o  compare with 

a redundant instrument elsewhere i n  the spacec ra f t  and/or with t h e  cq r rec t ed  m,eas-  

urement reading. He then can t u r n  the  DISPLAY SELECTOR switch t o  CORRECTED MANUAL, 

and the MANUAL CHAN SELECT thumbwheel s e l e c t o r  t o  the app l i cab le  channel.  This w i l l  

g ive a continuous readout of the PERCENT FULL SCALE i n d i c a t o r  of the co r rec t ed  meas- 

urement. The app l i cab le  NO-GO i n d i c a t o r  a l s o  w i l l  remain l i g h t e d .  He  t hen  can com- 

pare t h e  a c t u a l  measurement readout with t h e  co r rec t ed  measurement readout .  

The app l i cab le  NO-GO i n d i -  

A l l  d i g i t a l  readouts a r e  displayed f o r  3 seconds t o  permit t h e  a s t r o n a u t s  t i m e  t o  

acqu i r e  and comprehend the value.  

once every 3 seconds. 

Continuous monitoring of one channel i s  updated 

New sensor l i m i t s  can be manually i n s e r t e d  i n t o  the computer by s e t t i n g  the  f i v e  

thumbwheel switches t o  the des i r ed  channel number and percent  f u l l  scale value and 

depressing the appropr i a t e  high o r  low l i m i t  switch.  
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SECTION 10 
RECOMMENDAT IONS 

I 

1 
I 
1 mendations are as follows: 

The recommendations contained in this report include the recommendations contained 

in both the Phase B and Phase C-1 reports submitted previously to NASA. These recom- 

(1) Demonstration of ACT - During the course of investigation numerous contacts 
were made with the stage contractors of the Saturn Program. 
a desire to witness a demonstration of the ACT under operational conditions. 

Such a .demonstration should be given. 

sentatives of the Saturn stage contractors and key personnel from the 

various NASA divisions should be invited to witness the'demonstrations so 

I 
All expressed 

I 
1 

Manufacturing and engineering repre- 
I 

~ 

1 a high level of confidence in the ACT concept can be established. 

(2) Data Evaluation - A program for the evaluation of data acquired during the 
sequences of checkout should be established. Because signal conditioners 

are not adjusted after installation, ACT permits the accumulation of mean- 

ingful data that will establish a level of confidence for the attainment of 
a vehicle mission. This program should investigate the various contractors' 

data accumulation facilities, establish a compatible format for data record- 
ing and analysis, and ensure that the timely dissemination of results to 

launch facility and the responsible design groups is accomplished. 

(3) 115-Volt Reference - Reference voltage for the a-c signal conditioners is 
derived from the 115-volt a-c bus. 
the inverter in the IU or from a ground power source. It is recommended 
that the bus be monitored in order that a correction factor can be deter- 

mined during the calibration run. As an alternate t o  monitoring the bus, 

The bus voltage is supplied either from 
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the worst case condi t ions  can be e s t ab l i shed  exper imenta l ly ,  and t h e  t o l -  

erances relaxed accordingly.  

(4) Thermocouple S igna l  Conditioner C a l i b r a t i o n  - NASA engineers  have repor ted  

t h a t  an  e r r o r  can be introduced i n t o  thermocouple s i g n a l  cond i t ione r s  when 

the  thermocouple and the  r e fe rence  junc t ion  are a t  r e l a t i v e l y  h igh  d i f f e r -  

e n t i a l  temperatures.  This  is  due t o  the  f a c t  t h a t  t he  r e l a y  shor t ing  

contac ts  do no t  provide an abso lu te  s h o r t  ac ross  t h e  thermocouple. 

recommended t h a t  a small r e s i s t o r ,  1 t o  10 ohms, be added i n  the  r e t u r n  

l e g  of the thermocouple. This  would provide a load f o r  t h e  thermocouple 

during c a l i b r a t i o n ,  thus  minimizing t h e  e f f e c t  of no t  having an  abso lu te  

sho r t .  

accomplished by s e l e c t i o n  of t he  c a l i b r a t i o n  br idge  va lues .  

It is  

Compensation f o r  t he  s l i g h t  e f f e c t  of t he  added r e s i s t o r  can be 

(5) Real-Time Meter Displays - The rea l - t ime meter d i s p l a y s  t o  be used i n  the  

Saturn I B  program a t  Kennedy Space Center and IBM do no t  provide adequate 

adjustment compatible wi th  ACT. It is recommended t h a t  t he  c i r c u i t r y  pro- 

vided i n  the  In te r im Report - I n v e s t i g a t i o n  of Real-Time Displays,  Northrop 

Nortronics  l e t t e r  Y4411-5-143 A T E U / I A S : m r ,  dated 15 June 1965, f o r  r ea l - t ime  

meters be incorporated.  

( 6 )  Onboard Ca l ib ra t ion  Programmer - It is  recommended t h a t  an  onboard c a l i b r a -  

t i o n  p rogramer  be developed that i s  a c t i v a t e d  by r a d i o  command along the  

l i n e s  discussed i n  t h i s  r e p o r t .  This  pro to type  p r o g r a m e r  should be in- 

s t a l l e d  on a Saturn I B ,  and a f t e r  v e h i c l e  s epa ra t ion ,  a c t i v a t e d  to  o b t a i n  

c a l i b r a t i o n  d a t a .  This  w i l l  prove the  f e a s i b i l i t y  of t he  onboard program- 

mer and also permit  a b e t t e r  performance eva lua t ion  of the  boos te r  i n s t r u -  

mentation, 

(7) Considerations of Onboard Versus Ground Computers - This r e p o r t  has shown 

t h a t  a ground-based computer is more e f f i c i e n t  than an onboard computer f o r  

veh ic l e  checkout. It is s t rong ly  recommended t h a t  t he  f ind ings  of t h i s  

repor t  r ece ive  thorough eva lua t ion .  

(8) Onboard Computer - For manned s p a c e c r a f t ,  NASA should cons ider  incorpora t ion  

of a small onboard computer t e s t  system f o r  s a f e t y  and c o n t r o l  measurements. 

This computer t e s t  system should be l i m i t e d  t o  99 channels .  
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(9) Voice Interrupt Priority System - This voice warning system should be 
added to the manned spacecraft to aid the astronauts in determining mal- 

functions and advising them as to what corrective action must be undertaken 
to alleviate the problem. 
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